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TBLT PAD BEAKING ASSEMBLY AND RETAINING PIN 

The present iiventioii idates to bearings such as used to sufipart a lotor of an engine 
within a gas turbine. In particular, it lelales to mechanical means for tibe retention of tilting 
pads in radial tilt pad bearings. 

Gas turbine engine rotor shaft bearing assemblies may be of the plain bearing type 
which are segmented (radially sdf-aUgning), retained in an outer carrier, oil piessuie 
hibricated and known as tilt pad bearings. Such bearings are subject to high speed and load 
when the engine is running and very small out of limit wear in a bearing can have disastrous 
effects on an en^e. ft may cause engine shut-down which, for this land of engme, is usually 
a very costly mattea-. For aco^table engine life it is thearefore vital that the bearings perform 
reliably. 

It is typical in such segmented plain bearing arrangements to restrain circumferential 
movement of each segment by use of retaining pins which are fixed in the bearing assembly 
outer carrier and abut to segments either at segment end faces or at the side face of an internal 
hole or passage in the segment body. The pin may be a parallel round pin throughout its 
length, but a known variation is for a pin witli spheroid dp on a round pin stem, the sphere 
diameter being greater than the round pin stem. 

It has been found that at contact faces between the beariog segments and bearing 
outer carrier, fiettmg wear may occur which allows segments to move beyond design limits 
and thus cause bearing related engine problems. It is beUeved the fretting is caused by a smaU 
amount of circumferential sliding action under pressure between segment and carrier and that 
the action is made possible with prior art pin designs. 

The subject invention aims to reduce the shding action and so also reduce the 
fretting wear. 

Hg. 1 shows an example of a known tilt pad radial bearing assembly 10, such as a 
TJ series bearing manufactured by Waukesha Bearings of Wisconsin, USA. The tilt pad 
bearing assembly is shown 10 fully assembled on the right hand side of the drawing, and 
partially dismantled 10' on the left hand side of flie drawing. Each bearing assembly 
comprises an ouier carrier 12, contaimng a plurality of tilt pads 14. As may be seen more 
clearly from the tilt pad in isolation towards the bottom right of the drawing, each tilt pad 14 
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«shap«. a, auction Of ahoI!o«c3««Kter. carnal ■«Ji»R<rfa«ffl. pad. b so».wte 

earner 12. m»matoing wia> a» omfcr only aki^ a ^gte linear con^ ^gi„„ 

parallel to a« axes A, A- of to SI, pad and to carter. A, can b. »en flon, partially' 
4am»«led assenably lO'. to ««iar 12 n>^ inclada Bp IS for Gaining to ffl. pads in one 
a«al directfon. Re«i«tag .«« 18 n«y be affixed to to otor axial ex<r™u» of to 
. as«„asy toretatatoffltpa^btoott^axial di^cUon. Itoaining pins 20 am pmvlded. 
««mtottltp^toagive.cl.cnmfe„„aal,oslto. Direcdons A.A-sl.ow^veaxiaI 
Arecaons of to tat pad 14 and to bearing 10'. 

'^*2*°««a*«°f*esya«nofHg. linopera,ioo.An3rbin=mou>rW(„ot 
slKMn)>»ppa,,.dI^tor,dl.IdSp,dbe,dngassembIyn>.a.esinanantt^^^ 
.sahow»by„ro«.22. Fric.ioba«in,b=,«„«,^,,„„^^j^ 

p«« agrtns. to .aatoin, pin 20. Tie mt pad 14 teoda to Ult in opemlon. depending o. 
««««nchastoapeedorrota.ionofto™orandoutofbala.cefb^. ™„ffl.pad„u.y 
tU. ftom to posWon shown in a solid towards to position sho»n as a dotted line The 

leading rfge 24 Of to tilt p^ is resttained by to retaining pin 20 and so cannot adopt to 
posfflon 24-. bn, rator tmB, «=,„i„= an cqtrtvalem position 24- displaced radially o«wa,d 
fiom to initial posido. 24. b« displaced cin=u™to„«ally abont to canicr 12 wift .aspect 
toposttion 24-, in a dtocdon opposite to to dit«ctio« 22 of „«a,ion of torotor. While a 
d-splacetnen. of to Uh pad .4 to to position which would have placed to le^ edge in 
posttioa 24- woold have been a sitnple rocldng «,ve,ncnt caostag no Wcdonal n.„^ 

pad 14 to adopt to position whe» to leading edge adopt, position 24.- causes a Mctioort 

«^<«^Pbcen»Moftopadl4aroundtodrcon.fb.e™»^ 
25 shown as Df. »u«»«iaccs 

Uter. daring operation of to n«or. to pad 14 may be called upon to tilt back ,0 to 

pos^on shown at.24. An unbalanced shaft will cause to pad to rock back and ferd. once fcr 
_ each revolution, which for a gas toAine may be iu to .egion of 17.000.cj^ per min«e. 

Has wtil again cause a Actional displacement of distance Df of to pad 14 on to catrier 12 
30 bo. m to opposite direction. The distance Df is typically str^,,. and In one ^an^le has be«, 

caWated as 8.7P.U. However, to wear caused by ti^ Hetional n,ov«n«>t can become 
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significant, considering the ftequency of lepeUtion of the fnctional displacement, and the high' 
mechanical load typicaUy appUed between the pad 14 and die carrier 12. The retaimng pin 20 
may be a cylindrical pm. sinular to that shovm in Hg. 1, or may be elongate in the axial 
direction. A', 

5 Fig. 4 shows a detail of another type of known tilt pad radial bearing assembly, 

which differs ftom the one shown in Rg. 1 in that the tilt pads 14 are restrained againsi 
circumferential motion by a retaining pin 30 located in a cavity 28 formed in the outer surface 
of the tilt pad 14. In this exanqjle, an enlarged head is provided on the retaining pia The 
head may be spherical, or spheroid, atop a cylindrical pin. Alternatively, the head may be 
10 cylindrical atop an axially elongate pin 30. 

In use, the turbine motor rotor (not shown) suRjorted by die radial tilt pad bearing 
assembly rotates ia the anti-dockwise direction 22. Friction acting between Ae rotor and the 
tilt pad 14 causes the interior surfece of Ihe cavity 28 to press against die retaining pin 30 at 
contact point 34. The tflt pad tends to tilt in opexntion, depending on factors such as the speed 
of rotation of the rotor and unbalanced forces. The tilt pad may tilt from the position shown 
. in a solid line towards the position shown as a dotted line. The trailing edge 38 of the cavity 
28 of the tilt pad is lesttained by the retaining pin 30 and so camjot adopt the position 34', but 
rather must acqah^e an equivalent position 34" displaced circumferentially about the carrier ,12 
in a dfaection opposite to die direction 22 of rotation of the rotor. WhUe a displacement of the 
tilt pad 14 to die position which would have placed the traUing edge in position 34' would 
have been a snnple rocking movement causing no Mctional movement between the pad 14 
and tiie carrier 12, the fact of retaining the pad by pin 30 and forcing the pad 14 to adopt the 
position where the trailing edge adopts position 34" causes a &ictional relative displacement 
of the pad 14 around the circumference of the earner 12 ota distance shown as D'f . 

Later, during operation of the rotor, the pad 14 may be caUed upon to tilt back to the 
position shown at 34. This wiU again cause a fidctional displacement of distance D'f of the 
pad Wonthecanier 12, but in the opposite direction. The distance D'f is typicaUy small, and 
in one exanqjle has been calculated as 3.6Mm. However, the wear caused by tijis fiictional 
movement can become significant, considering the ftequency of repetition of the fidctionai 
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<M«»^ and lUgh .^d^cia 3^^^ ^„ ^ 

earner 12, 



Tto of w«r ,*id> occ«, on aa pad, 14 aad =a,rier 12 varies ma„y 
I««»ay bdi=«d «. taolude a>e „„„,b=r of bo«s a„d «,« nomte c* 

pa*»t«d wift fte pad^ tte engine, bearing and pad .ype »d design, to bardnes, of 4. 
«™r and pad .xu^iaK fl.e Clearance of a„ bearing, the 
fc degKe ofbnbalance ind vibration in toe overaU sj/sttm when in use. 

'=<»»«9">="=- °f and/or carter wear include'^, in 

cle^nce. leading .o reduced stifbess and damping of the bearing, «l„ced Werance to 
nnWanceandofterexcitingforees. bearing clea^nce .nay fcad ,0 inc«ased 

staf|v*«,to„. Wearofa^pad.and.„rcamer»i]lalaoleadB,in«easedn»b,enan«cos.s 

andmcreased down-time. 

^^""■^Muendalfteorinftet.iogiaMevedtobethem^pattrieofto 
ih<*on^displacememl^.D.frsnrfaeesliding->F^^ito« include n»,«i.,b«^ 
stufece finish, contact p.«ssun=. and any tobricarion appUed. Hgs. 3A-3B show ^naition' 
fan, a machined surface, illustrated a, dte right-hand side of Hg 3A. .0 a fiettcd surfcce 
smnlar .0 that iltastrated m Hg. 3B fer comparison. Hgs. 3A and 3B ate .«>. .0 the s«no scale" 

Tbep.esen.invendonaimstoailevia,efl,eocan«nceoffeaingwearonr«iiaI,ili 
pad bearings, and accordingly provides a radial .Sit pad beating «sembiy conxprislng an outer 

camer. aphnality Of tilt pads retained wiAin ootorcatri^and a co.,^^ 

^taining pins ,0 retain the tat pads in giv« citc™fa«„.ia, posMons. each fixed in the 

beanng assembly outer canier so as «> abut a side Of a cavity in the cotxespondh* tfl, 
^. At leas, one retaining pin and the cotrespondh^ cavity are K^pectivelysb^d such 
tta, »l»n in use. a clearance in a plane hanave,^ ,„ fl^e axes of the bearing assembly 
between the retaining pin and the Side fcce of «,e cavi^ is tesser a. a firs, locaaa. which lies 
substantially at theinn^surfcoeofthe carrier, ftanataU co,«spondiog iocationa at radially 

.»»erpottionsoffteside6ce.withn«pect.aa»flrs.location. A contact point bet^en .be ' 

tetannng pin and the tilt pad wh«, in use. lies aubstantially^ fl» innersutfece of fte outer 
can^r. The til. pad Is accordingly able to Ul. wtto« bdng substantiaUy displ«!ed 
circumferentlEaiy relative to &e oater caiiier. 
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The retaining pin may have a tapered cross-section in a plane transverse to the axes 
of the bearing assembly and the tilt pad. Taper angles a on both sides of the cross-section of 
the retaining pin may be equal. 

The cavity may be shaped to have a lesser dimension in a plane transverse to the 
axes of the bearing assembly and the tilt pad at the first location, than at all corresponding 
locations at radially inner portions of the side face, with respect to the first location. 

The cavity may have a tapered cross-section in a plane transverse to the axes of the 
bearing assembly and the tilt pad. Taper angles on both sides of the cross-section of the cavity 
may be equal. 

The retaining pin and the cavity may each be elongate in the axial direction of the tilt 
pad and the bearing assembly 

The cavity may occupy ordy a part of the axial extent of the tilt pad, the retaining pin 
having a compatible axial dimension. 

The retaining pin may be pyramidal in shape. Such pyramid may have a square or 
rectangular base. Such pyramid may be truncated. 

The retaining pin may be conical or truncated-conical in shape. 

More than one combination of cavity and pin may be provided on each tilt pad, 
aligned in the axial direction of the pad and the bearing assembly. 

The present invention also provides a retaining pin for a radial tilt pad bearing 
assembly accorcUng to the invention. 

The above, and further, objects, advantages and characteristics of the present 
invention will be more clearly understood with .ref<»ence to the following description of 
certain embodiments thereof, in conjunction with the accompanying drawings^ wherein: 

Fig. 1 shows a known tilt pad bearing assembly; 

Fig. 2 shows an example of part of a tilt pad bearing assembly of the prior art; 
Figs. 3A-3B show examples of wear to tilt pads; 

Fig. 4 shows an example of part of a tilt pad bearing assembly of the prior art; and 
Hgs, 5-8 show examples of respective parts of tilt pad bearing assemblies of the 
present invOTtion. 
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a«»„b, ""^■'^^'^ Cno. .hewn) by a« xadM m. p«, be«i» 

proper a.e «pi. 5a .ha ^. of co,«^U„d 

positiDa where the oontea point is in position S4' is a simnl, ^ ^ 
) «"'>«°"yn<>&«ionaltnovem«,be«eentl>epaai4andtbecani«12 

'-•-•<^*>«'>P«^<=»of.he.o.o..tt.>padl4m.yheeanedapon.otii.baclc.o.i» 

p.. 50, ^^,s^u^y w^out fte pad hCng di.p,.c=d cin:.,^,ially .bout .ho catrier 12 
a„d»aisowitho„ta«ctionaldisp.acen»«of««padl4onB,ePanJl2 

^■"7^'''°^'°''^'-«^*»«-*«pi.50and.hecavi^2«„«yea* 

par. of *e ^ai extent Of tt„ tii. pad 14. With .«aioingpio 50 i^ving a 0.^^ 

^^...ac. •n.p^^n^n^ha.^ pin n»y ho conica, o. ttLJ 
ccxoical in shape. 
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^ More than one such combination of cavity and pin may be provided on each tilt pad. 
Such plurality of combinations of cavities and pins are preferably aligned in the axial 
direction of the pad 14 and the hearing 10. 

The angle of the taper a of the profile of retaining pin 50, measured with reference 
to the nomxal N to the carrier 12, is important. If the angle of taper a approaches too closely 
the normal N to the carrier 12. ]the tilt pad may not be able to tilt without reintroducing a 
significant frictional displacement, impairing the achievements of the objectives of the 
invention. If the angle of taper a becomes too small, the trailing edge 38 of cavity 28 may 
contact the pin 50 at a radially inner point than points 54, 54* shown in Fig. 5. The lower limit 
to the taper angle a is thus provided by flie requirement that the trailing edge 38 of cavity 28 
should contact the pin 50 only substantially at the outer circumference of the tilt pad 14. If 
flie trailing edge 38 contacts pin 50 at any radially inner point of pin 50, that is to say any 
deeper within cavity 28, then there is a risk that an unacceptable amount of frictional 
circumferential movement may be re-introduced» the problem of fretting wear will not be 
substantially alleviated* and the objectives of the piesent invention will not be achieved. 

On the contrary, IT the angle of taper a increases too far from the normal N to the 
carrier 12, the tilt pad may travel a fiiclional distance in the same direction as the rotor 
movement 22 when tiltmg as shown in Fig. 5. This would reintroduce a significant frictional 
displacement, impairing the achievements of the objectives of the invention. 

The limits to the useful range of taper angles for the profile of the retaining pb 50 
may be deduced by simple routine experiment, or by calculation. 

The taper angles a on both sides of fee profile of the retaining pin 50 are preferably 
equal, particnlarly in applications where the rotation direction 22 of the rotor may change. In 
applications where the rotor is only able to rotate in a single consistaat direction 22, the 
IMOfile of the sicte 56 pf the retaming pm which does not contact the tilting pad 14 is of little 
significance. 

Fig- 6 iDustrates an altemative embodiment of the present invention in a similar 
fashion to the detail shown in Hg. 5, A first position of the tilt pad 14 is shown in soUd lines, 
while a second position of the tUe pad is shown in dotted lines. A retaining pin 60, which 
naay be parallel sided* or may be t^red in either sense, is located in a cavity 62 having 
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divc^. Sid. ^ as. 69, Which p^vide cie,«,« , ^ ^ „^ 
^ Of « between .«i^, » an. a., pad H .^u^y a. ^ 

5 " * ^ '^P=^'^ -fcpendiag on Actors K«b as a«ed of 

«^ 7* ^>-- a ao-ciii^ ... to U» ^ :r 

«^ y 52^*e po„. ofoontace « see,, .o ™>ve to . ^ :„e-ic «• fl„ «^ 

tbe cavity 62, the point of contact i« ^'rm;**^^ * u vcnuvc proMe of 

64' TheL^ • snbstaatiaUy tate up the desired position 

M . 71. pad accordangly able to tat without bei^ substaatiaUy displ^ 
about the oairier 12 Accnivilnoi., J- , oicumrerainaUy 
™« T *° *^I^^«»»t of a,atpa<H4 to tl»=p<«ilicn wj«r. to 

contact point is in position 64- is a slnmJe wv*!— "™n>am 
, .. , o* K a siiuMe rockmg movemeiit causing sntetanHallv i>r> 

fnctionalmovemcn«betweentl»padl4and.hecaaferl2. no 
I^l^r. dnring operation of rotor, tte pad 14 ™jr be cdled t^ to bade to fl„ 
^t.o„sbo„oat«. ■T'^^^r.^^^^^U'J^^^ 
62. ..thout the pad being sub^daBy dispUced circ™fere„.u^, ^onftbc c,^ ,2 ^ 
soaisowithontaMcdo„a,disp,ac«nen.of.topadl4on,hacaZl2 ^'^'^'^ 
^^s^.»ecav..,=a^_^^,.^^^^^ 

14. „ rctatntn, pin 60 ha*« a compadhle din^ndoo. Ike pin 50 
« cuboid orc^ in sh^ ^ «ay ha™ a s^ate or 

bas. ™«ma,be.„.oc«cd. Tbepinn.,bec«.cal«..nn«.L»^in^ 
Mora aan 0== such «m*ination of cavity 62 and naalning pin 60 may be orovlrtlrt 

the axial direction ofthe pad 14 and the beadng 10. 

lheang>eof,he,.perPof.hep»«eofcavi,,62.n»asn«l«ithrefere„ceto.he ' 
-««^«.ci^,= su,<^^ 

*. ^ N to 0.0 cat^e, 12. .he tramng edge 68 of cavity 62 r^y contact die pin 60 a, I 
«*-iy«.,.rppn«d»npolnt.64.64.sho™inHg.6,The.iltpadl4,nayno.Jahl;. 
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without teintroducing a sigjiificant fiictional displacement, impaiiing the achievements of the 
objectives of the invention. The lower limit to the taper angl^ p is thus provided by the 
requirement that the trailing edge 68 of cavity 62 should contact the pin 60 only substantially 
at the outer circumference of the tilt pad 14. If the trailing edge 68 contacts pin 60 at any 
5 radially inner point of pin 60, that is to say any deeper within cavity 62, then there is a risk 
that an unajcceptable amount of frictiooal circumferential movement may be re-introduced, 
the problem of firetting wear will not be substautially alleviated, and the objectives of the . 
present invention will not be achieved. * 

On the contrary, If the angle of taper J3 increases too far ficom the normal N to the 

10 . carrier 12» the tilt pad 14 may travel a factional distance in the same direction as the rotor 
movement when rilting^^ This woiold reintroduce a significant fdctional displacement, 
in^>airing the achievements of the objectives of the invention. 

The limits to the useful range of taper angles for the profile of the cavity 62 may be 
deduced by simple routine experiment, or by. calculation. 

15 The taper angles ^ on both sides of the profile of flae cavity 62 ate preferably equal, 

particularly in applications where the rotation directiQa 22 of the rotor may change. !bi 
applications whace the rotor is only able to rotate in a single consistent direction 22, the 
profile of the side 66 of the retaining pin which does not contact the tilting pad 14 is of little 
significance, 

20 Rg. 7 illustrates a further embodim^it of the invention. Similarly to the 

embodiment of Pig. 6, the evening to the cavity 72 is of smaller width d than the remainder of 
the cavity. However, the embodiment of Fig- 7 does not require the walls 78, 79 cf the cavity 
72 to taper.. Rather, the cavity is arranged to have a less©: dim^sion in a plane transverse to 
the axes of the bearing assembly and the tilt pad at the first location 54» than at all 

25 corresponding locations at radially inner portions of the side face 78, with respect to the first 
location 74. This embodiment also provides a clearance c at the tip of ttie retaining pin, while 
maintaining the point of contact 74 between retaining pin and tilt pad substantially at the inner 
surfiace of the carrier 12, thereby achieving the objectives of the present invention. 

For an elongate cavity, the lesser dimension d may be achieved by machining an 

30 inward step 77 profile fix>m solid, e.g. by routing. Particularly for a non-elongate cavity, the 
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lesser dimeiistoniindrfit be acliievideilfcm-h»™.-i,! • ^ . 
... ^ ^^^*™^''>"™*'m'S*=tawattl step profile! 77 fiom 

Tb, a™*™ opcrato 1„ an id«io«l fehion to tha. of Fig 7 and 

"««pond^n=fc,en«bbe,aa«us^,oMca.e»n«pondtogfaa^ 

11»Jesa«donenaion^n.ybepeovi<Wbya,ape^f«^^^,^„ 
OiemiiersiiificeofHecamBrlci -"iMuyai 



lie inveMion accordingly provides a tadial tflt pad bearing system ^ 
substanoany aUevi«es ^ p^blen. of S«ing wear on Ult bearings as 
*p..»di.l.iI.p»,beaHngsysten,s, ™s advantage is aeMevedby*ei.„^r^ 
of.certa.np,ofiieofr=.ainingpi„and/creavi^..sdefinedi„fteapp«^^ 
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CLAIMS 

1. A radial tilt pad bearing assembly comprising: 

- an outer carrier ( 12); 

- a plurality of tilt pads (14) retained within the outer carrier, and 

5 - a corresponding plurality of retaining pins (50) to iietain Che tilt pads in given circumferential 
positions, each fixed in the bearing asseinbly outer carrier so as to abut a side face (38) of a 
cavity (28) in the corresponding tilt pad, 

characterised in that at least one retaining pin (50) and the corresponding cavity (28) are 
respectively shaped such that> when in use» a clearance (c) in a plane transverse to the axes of 
10 the bearing assenably and the tat pad between the retaining pin (50) and the side face (38) is 
lesser at a first location (54) which lies substiantially at the inner surface of the carrier (12), 
than at all correspondhig locations at radially inn^ portions of the side face, with respect to 
the first location, whereby 

a contact point (54^ 54') between the retaining pin (50) and the tilt pad (14) when in use, lies 
15 substantially at the inner surface of the outer carrier (12), and whereby the tilt pad (14) is 
accordingly able to tilt without being substantially displaced circumferentially about the outer 
carrier (12). 

2. A radial tilt pad bearing assembly according to claim U wherein the retaining pm (50) 
20 has a tapered <ax>ssnSection in a plane transverse to the axes of the bearing assembly and the 

tilt pad. 

. 3- A radial lilt pad bearing assembly according to claim 2 wherein taper angles a on b^ . 
sides of the cross-section of the retaining pin (50) are equal. 

25 

4. A radial tilt pad bearing assembly according to clahn 1, wherein the cavity (28) is 
shaped to have a lesser dimension (^ in a plane transverse to the axes of the bearing assembly 
and the tilt pad at the first location (64), than at all corresponding locations at radially inner * 
portions of the side fece (68), with respect to the first location (64). 
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pad C14). assembly (10) and the tilt 



sides ofthe cross-section oftfaecavity(62J am equal. 

^^^^^ A ladial tilt pad bearing assembly according to 
the cavity (28) are 
' bearing assembly (10). 



havingacon^atible axial dimension ^ P«i 04), tie retaining pJr, (50) 

15 
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14. A radial tilt pad beaiing assembly substantially as descdbed aad/or as illastrated in 
Figs. 5-7 of the accompaaymg drawings. 

5 15. A retaining pin (50, 60» 70) for a radial tilt pad beaiing assembly aojordmg to any 
preceding claim. 
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ABSTRACT 

ULT PAD BEAMNG ASSEMBLY AND RETAINING 



PIN 



The invention provides a radial tUt pad bearing assembly comprising: an outer carrier (12)- a 
plurality of tilt pads (14) retained within, the enter carrier, and a corresponding plur^ity 'of 
-tanking pim (50) to retain the tilt pads in given circumferential positions, each fixed in ..e 
beanng assembly outer carrier so as to abut a side fece (38) of a cavity (28) in ttxe 
corre^ondingtiltpad. At least one retaining pin (50) and the corresponding cavity (28) are 
10 -P««^velysbapedsuchthat.wheninuse.aclearance(c)inaplane^^^^^^ 

the bearing assembly and the tilt pad betwe^r the retaining pin .(50) .nd the side face (38) is 
lesser at a first locaUon (54) which lies substantially at the inner surface of the carrier (12) 
d^an at aU corresponding locations at «diaUy inner portions of the side face, with respect to' 
thetolocation. A contact point (54. 54') between the retaining pin (50) and the tilt pad (14) 
15 -J----.^essubstandaUyattheimrersurfaceofmeoutercarrier(12).Thetatpad(14^ 
acc^Kiingly able to tat Without bdngsubstantiaUy displaced c^ 

earner (12). Thepre^t invention also provides a retaining pin for use in such a bearing 
system. ^ 
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